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ABSTRACT

Extracellular matrix microfibrils present in various connective tissues have
been shown to contain fibrillin. Pepsin was used to digest human amnion and
solubilize microfibrillar components present in the tissue. Two fragments, PF1l
and PF1B, were identified as fibrillin using a previously characterized
antibody (Sakai et al., 1986). Two other fragments, PF2 and PF3, were isolated
and shown to be domains of fibrillin. A monospecific antiserum prepared to PF2
and a monoclonal antibody to PF3 both immunoblotted intact fibrillin. Tissue
labeling with the new antibodies by indirect immunofluorescence and immuno-
electron microscopy produced a microfibrillar pattern and periodicity of the
microfibril characteristic of a fibrillin specific antibody. Partial amino
acid sequences were determined for all four fragments towards a goal of primary
structure determination at the cDNA level. O0ligonucleotide probes derived from
PF2 peptide sequences have identified ¢DNA fibrillin clones. These are being
used to investigate a link between Marfan syndrome and microfibrillar
abnormalities.

Rotary shadowed images of PF1, PF1B, and PF2 demonstrate flexible linear
fragments, vhile PF3 is a complex crab-like structure with a dense central
globular region and extended arms. The similarity of PF3 to recently isolated
chains of beaded units (see Appendix II) has led to speculation that these
beaded chains correspond to the macromolecular form of fibrillin present in
tissues. In support of this, mAb69 which was made to PF3, demonstrated
immunoreactivity with the beaded structure. A model is proposed that describes
pepsin digestion of the microfibrils and release of the fibrillin fragments
characterized in this thesis. A second model suggests major events thought to
occur in fibrillogenesis, from secretion of a fibrillin molecule, to formation
of an intermediary oligomer, to final assembly into the microfibril.
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INTRODUCTION

THE EXTRACELLULAR MATRIX
The extracellular matrix is a milieu of structural elements that together with
specialized cells compose the connective tissues. The macromolecules that form
the matrix are synthesized by local connective tissue cells, such as
fibroblasts and chondrocytes. Following cellular secretion of molecular
components, the matrix is assembled into an organized network. Thick banded
fibers are a predominant structural element found in connective tissues such as
bone and ligament. More delicate filamentous networks are also present in a
wide variety of tissues, notably in skin and in specialized regions of the eye.
Skin is an example of a complex and dynamic connective tissue that
includes the outer cellular surface of the epidermis, and the basement
membrane, a unique structure found at the interface of the cell surface and the
underlying dermal stroma. The epithelium forms an exterior armor to protect
internal organs from invasion and trauma. The basement membrane is a
specialized tissue that functions as a selective filtration barrier not only at
dermal-epidermal junctions, but also in other organs such as the kidney, blood-
brain barrier, and placenta. It is composed of type IV collagen molecules that
are organized into an open chicken-wire network. Also present in basement
membranes are the structural glycoproteins, laminin and entactin, and heparin
sulfate proteoglycan. Anchoring fibrils span the region from immediately below
the basement membrane, the lamina densa, to the dermis proper. These are
composed of type VII collagen molecules that are laterally aligned and thought

to function like an ultrastructural suture (Keene et al., 1987).



The upper surface of the dermis is called the papillary layer and
contains finer and more delicate fibrillar structures than the reticular dermis
below. Oxytalan fibers are thin bundles of microfibrils that are seen
intersecting the basement membrane and extend into the papillary dermis (Cotta-
Pereira et al., 1976). Elaunin fibers are slightly thicker bundles and are
found deeper in the papillary dermis or in the upper section of the reticular
dermis. A small amount of elastin is associated with elaunin fibers. Thick
elastic and collagen fibers are primarily located in the reticular layer.

Specialized extracellular matrices also compose several regions of the
eye. The cornea is the protective outer surface composed primarily of collagen
fibers that forms a transparent lattice. Behind the cornea is the lens, a
metabolically and structurally independent tissue. The outer layer of the lens
is bounded by the lens capsule, another type of basement membrane which
maintains the isolation of the lens cells and the protein components. The lens
is held in place by fine filaments that connect the ciliary body to the lens,
thus holding the lens in place. These fibrils are called the ciliary zonule or
suspensory ligament, and are of particular interest because they are the only
tissue that is composed entirely of microfibrils. The ciliary muscle controls
the tension on the lens through the zonule, allowing it to focus light on the
retina, the photoreactive tissue of the eye.

The functional requirements of a specific tissue determine the kinds and
amounts of particular elements that are present. Macromolecules of
extracellular matrices form collagen fibers, elastic fibers and small
filamentous networks. Collagen is the predominant component of connective
tissues and represents a family of molecules that are characterized by a triple

helical domain. The structures vary from thin, 3 to 20 nm fibrils, to thick,



50 to 100 nm striated fibers, depending on the specific tissue and type of
collagen. Individual collagen molecules align in a parallel staggered array so
that overlap and gap regions give the fibers a striated appearance.

Elastic fibers compose a second major fibrous structure. They are found
in elastic tissues that require recoil, such as skin, aorta, and lung. Unlike
the fibers that are formed from collagens, the elastic fiber is composed of two
different structural elements. A mantle of small microfibrils surrounds the
amorphous core of the fiber. Elastin composes the interior which is
distinguished by lysine-derived crosslinks that form during maturation. These
crosslinks are responsible for its total insolubility. Due to the resistence
of elastin to most extraction methods, it has been impossible to isolate. The
precursor of elastin is tropoelastin, a 76,000 dalton protein. The isolation
of this soluble form of elastin enabled primary structural analysis and sites
of crosslinking to be determined (Sandberg et al., 1969; Sandberg et al.,
1971).

Small filamentous strands are composed of collagens as well as
noncollagenous material and are found in a variety of tissues. For example,
type VI collagen forms a delicate microfilamentous network often seen
intertwined around large type I collagen fibers in skin. Another class of fine
filaments includes the microfibrils that surround the amorphous center of the
elastic fiber. Fragments isolated from the molecules that compose these

extracellular microfibrils are the subject of this thesis.



MICROFIBRILS

Small filamentous strands in connective tissues, including those mentioned
previously in skin, ciliary zonules, and elastic tissue, have been observed by
electron microscopy for decades. In the early 1960’s, Frederick Low (1962)
specified a particular subgroup of fibrils with a diameter of 4 to 12 nm, and
without the 67-nm banding pattern characteristic of interstitial collagen
fibers. He termed this structure the microfibril. A population of small
diameter fibrils, 3 to 5 nm, were shown recently to be composed of type VI
collagen (Furthmayr et al., 1983; Bruns, 1986; Keene et al., 1988). A group of
microfibrils with a larger diameter are morphologically distinct. These
microfibrils have an average diameter of 10 nm, a somevhat beaded appearance,
and a cross-section that sometimes appears to have a hollow center.

Elastin biochemists considered the microfibrils associated with the
elastic fiber to be a specialized subclass of Low’s microfibrillar structures.
This was based on localization rather than any morphological distinction (see
Cleary and Gibson for review, 1983). The elastic fiber was postulated to be a
two component system based on enzyme treatment of bovine nuchal ligament, a
tissue particularly rich in elastic fiber. Early researchers observed that a
fine fibrous mantle remained following elastase digestion (Hall, 1957; Dempsey
& Lansing, 1954). Ultrastructural analysis using the anionic stain
phosphotungstate revealed a filamentous network surrounding an amorphous
central core. (Karrer, 1958). Karrer hypothesized that collagen and elastic
fibers shared a basic common filament, although he noted distinct morphological
differences. The fine fibrils intermingled around the collagen fibers were
described as being mostly beaded while the microfibrils associated with elastic

fibers look more tubular. The cationic stains, uranyl acetate and lead



citrate, were applied to developing elastic tissue and were noted to have
different effects on the two structural elements. The surrounding microfibrils
were stained with cationic compounds, while the elastin core was stained with
anionic phosphotungstate (Greenlee et al., 1966). In addition to the different
sensitivities of the microfibrils and the amorphous core to enzyme digestion,
here was indication that the chemical composition was different, at least that
the surface charges were different. This was significant in supporting the
theory that there were two structural elements in elastic fibers.

The next period of study focused on elastinogenesis, the development of
elastic tissue. Using calf tissue from up to 180-day-old fetuses, the nuchal
ligament was sectioned, fixed and stained with potassium permanganate and lead
citrate to reveal microfibrillar and amorphous components. The first
ultrastructural indication of elastogenesis was the accumulation of small
extracellular fibrils, called pre-elastin filaments. These preceded fibrils
that were in association with a small amount of elastin (Fahrenbach, 1966).
Elastogenesis appeared to begin with secretion of the microfibrillar component
followed by elastin secretion and the formation of elastic fibers.
Investigations of elastogenesis have been repeated more recently (Kewley et
al., 1978; Jaques and Serafini-Fracassini, 1985), confirming original wvork.

It has been postulated that the microfibrils are required for assembly of the
elastic fiber, possibly serving as nucleation sites for elastin crosslinking.
There has also been speculation that the elastin precursor and the
microfibrillar element form a complex with lysyl oxidase, the enzyme that

initiates the formation of lysine derived crosslinks (Mecham, 1981).



Ultrastructural analysis of human fetal aortic tissue demonstrated a
similar pattern of events in elastogehesis. At l4-weeks-old, the only
prominent structure of the elastic fiber was the microfibrils. Elastin wvas not
visible as an element. At 23-weeks, elastin was detectable by electron
microscopy in typical, although small, amorphous regions. However, elastin
antibodies immunolocalized to regions adjacent to the microfibril in l4-week-
old cultures (Jaques and Serafini-Fracassini, 1985). This suggested that
although elastin was not detectable, it was indeed synthesized, secreted, and
associated with the microfibril. The exact nature of the interaction between
the microfibrils and elastin precursor is still unclear, as are the events
involved in elastogenesis. This continues to be an area of active

investigation.

ATTEMPTS TO EXTRACT MICROFIBRILLAR COMPONENTS

It was concluded that the elastic fibers were composed of two structural
elements based on morphology, different staining and enzyme sensitivities. The
core was known to be elastin by original characterization based on harsh
chemical extraction methods. The protein components of the microfibrils were
unknown. Ross and Bornstein (1969) designed extraction procedures in hopes of
separating elastin from microfibrils and characterizing the microfibrillar
protein components. Their protocol combined tissue digestion and chemical
extraction with ultrastructural analysis to determine effects of various
treatments. Elastic tissue was treated with collagenase to remove collagens,
leaving intact elastic fibers. The amorphous component was susceptable to
elastase digest, as previously shown. The microfibrillar components were

removed by digestion with trypsin and chymotrypsin, unlike the elastin core.



Extraction of the elastic fiber with guanidine-HC1l did not affect the integrity
of the microfibrils. However, in the presence of dithiothreitol and guanidine-
HCl, the microfibrils disappeared. This vas assumed to represent the
solubilization of the microfibrillar proteins. The observation that the
fibrils were sensitive to extraction only in the presence of DTE suggested that
the microfibrils were held in the tissue through disulfide bonds. An amino
acid composition was also performed on the soluble extract and showed an
unusually high content of glutamic acid, aspartic acid and cysteine compared to
elastin. No desmosine or isodesmosine, the crosslinked amino acids
characteristic of elastin were present.

Ross and Bornstein’s extraction procedure became the standard method in
attempts to isolate microfibrillar proteins. Antisera that have been developed
against such preparations and used as markers of elastic microfibrils have
identified several components ranging in molecular weight from 30,000 to
340,000 (Sear, 1981; Gibson et al., 1986; Jacques & Sera-Fracassini, 1986;
Streeten & Gibson, 1988; Gibson et al., 1989). Kewley developed the first
antiserum to a guanidine-DTE extract of bovine nuchal ligament (1977).
Immunofluorescence demonstrated a microfibrillar-like pattern in a ligament
tissue section. Grant, Jackson and coworkers attempted to isolate these
immunoreactive components from nuchal ligament using the antisera and found
that the extract was excessively heterogeneous (Muir et al., 1976; Sear et al.,
1978). Later they established that cultured bovine nuchal ligament fibroblasts
synthesized immature elastic fibers and attempted to isolate protein components
from the medium. (Sear et al., 1978). Two glycoproteins MFP I and MFP II were
jdentified with molecular weights of 150,000 and 300,000, respectively (Sear et

al., 1981). 1In characterizing these proteins, it was demonstrated that MFP I



was collagenase sensitive and contained significant amounts of 4-
hydroxyproline. It was determined from this that MFP I probably represented a
new type of collagen, and it was speculated that the microfibrils were composed
of a fine network of these collagen molecules (Sear et al., 1981). MFP II vas
not collagenous and was thought to be possibly a microfibril-associated protein
involved in aggregation or stabilization of the bundles of microfibrils.

Cleary and Gibson developed an antiserum similar to Kewley’s and isolated
a glycoprotein with features in common with MFP I. The molecular weight was
140,000, and amino acid composition indicated a significant hydroxyproline
content and collagenase sensitivity (Gibson and Cleary, 1982). Antisera
produced to this isolated component of aorta and nuclae ligament extracts
demonstrated a distribution different than elastin-associated microfibrils
(Gibson and Cleary, 1983). The antibodies localized to fine filaments running
between collagen fibers in nonelastic tissues such as tendon, kidney, and lung
rather than to the microfibrils on the surface of the elastic fibers. Later
this protein, and presumably MFP I, was determined to be type VI collagen
(Gibson and Cleary, 1985).

Not to be deterred, Cleary and his coworkers continued to extract
proteins from bovine nuchal ligament with the intention of isolating a
microfibrillar component. Their original antiserum did recognize a
microfibrillar pattern, in addition to the type VI collagen distribution. The
result was the isolation of a 31kD polypeptide named microfibril-associated
glycoprotein, or MAGP (Gibson et al., 1986). Antisera raised against MAGP
immunolocalized to the "elastin-associated microfibrils" in elastic tissues,
and to microfibrils found in other tissues such as muscle, kidney, tendon, and
ciliary zonules. This demonstrated that all of the morphologically similar
microfibrils described by Low, also carried the same antigenic determinants.

8



FIBRILLIN

A major advance in determining the makeup of microfibrils was made when a
monoclonal antibody was characterized identifying a unique, single-chain
glycoprotein component. This new protein was named fibrillin (Sakai et al,
1986). Using a crude fraction from human amnion as an immunogen, a monoclonal
antibody to a discrete network of fibers was produced. Tissue
immunofluorescence using the monoclonal antibody demonstrated the presence of
antigen in skin from the basement membrane where the fibers were arranged
perpendicular to the dermal-epidermal junction, to deep into the dermis. The
antigen was present in many other tissues: kidney, lung, muscle, tendon,
placenta, and ciliary zonule. Again, the fluorescence pattern was indicative
of a fibrillar network. As the staining pattern in aorta was similar to anti-
elastin staining, the tissue was digested with elastase. This reduced
significantly the immunofluorescence of antielastin antibodies but did not
affect the intensity of the staining with the new antibody. Elastase and
collagenase digestion indicated that the antigen was neither elastin nor
collagen. From tissue distribution studies and enzymatic treatment it was
thought that the antibody recognized a new connective tissue component.

By immunoelectron microscopy, the antibody recognized a periodic epitope
along the microfibrils found in connective tissue (Sakai et al., 1986). This
included microfibrils existing as bundles, unassociated with any other visible
structure, and those surrounding an elastic fiber. In the latter case, the
antibody bound only to the microfibrils, not to the central region of the fiber
or at the interface between the core and mantle. The periodicity of the bound
antibody was approximately 67 nm, coincidentally the same as the interstitial

collagen band periodicity.



The protein antigen was isolated from fibroblast cell culture medium.
Fibroblasts grown in the presence of [3581 cysteine produced a protein that
migrated to an approximate molecular weight of 300,000 by SDS-PAGE followed by
autoradiography. The electrophoretic behavior was different under reducing
conditions, showing a size of 350,000. This suggested that the molecule was
held in a compact conformation by disulfide bonds. Further characterization
revealed a glycoprotein nature indicated by staining with a periodic acid-
Schiff reagent, and incorporation of [3H] glucosamine added to cell culture
medium into the same band by SDS-gel electrophoresis. [355] sulfate did not
label the protein. Western blot analysis indicated that an antigen at the same
position was responsible for the immunoreactivity and this was named fibrillin.

The biosynthesis of fibrillin molecules was studied in chick organ
cultures (Sakai, 1990). They appear to be synthesized as a slightly larger
molecule, 375,000 daltons, and processed extracellularly to 350,000. Attempts
to extract significant amounts of monomer were difficult. Pulse-chase studies
indicate that shortly after secretion of the molecules, they were removed from
the medium, and assembled into a high molecular weight form. By SDS-PAGE in
the presence of reducing agents, the aggregate migrated to the position of a
fibrillin monomer (Sakai, 1989). This suggests that fibrillin is secreted from
the cell as a monomer which very rapidly aggregates into an insoluble complex
that is held together by disulfide bonds.

About the protein, we know an approximate molecular weight, that it
contains a carbohydrate component that is not sulfated, and we know that its

monomeric and aggregated structure is maintained by disulfide bonds.
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THESIS OBJECTIVES

A molecular component of the microfibrillar element found in many

extracellular matrices has been isolated and identified as fibrillin. Attempts
tovard further characterization of the protein have been plagued by
insufficient quantity of the intact monomer. Problems in isolating the cell
culture product include rapid formation of an insoluble network containing
fibrillin, and the protease sensitivity of the monomer. Purification of the
350,000 dalton molecule has resulted in too little protein to analyze the amino
acid composition and determine amino-terminal or internal sequences of
fibrillin.

The initial aim of the work carried out and described in this thesis was
to isolate portions of fibrillin from human tissue in adequate quantities to
perform structural studies. Previously described antibodies were available to
detect fibrillin. The amniotic membrane of human placenta was an available
tissue source and one rich in fibrillin-containing microfibrils. Attempts to
extract intact fibrillin with salt buffers and chaotropic agents were not
successful. Application of Ross and Bornstein’s methods using reducing agents
in the presence of guanidine-HCl, may have extracted intact monomers
successfully. However, the available fibrillin antibodies do not recognize
reduced material so this would not be a useful extraction procedure.
Preliminary investigations showed that proteolytic agents vere successful in
solubilizing material that was recognized by fibrillin antibodies.

Ciliary zonules are a microfibrillar-rich tissue of the eye that have
been speculated to be defective in Marfan syndrome, a heritable connective
tissue disease. A prominent clinical feature of the disorder is dislocated
lenses. Because the fibrillin antibodies recognized the microfibrils of

11



ciliary zonule, skin sections and cultured cells from patients and families of
Marfan syndrome were studied. The microfibrillar network composed of fibrillin
appeared to be abnormal (Godfrey et al., 1990). These preliminary results were
encouraging and it became clear that the next step was to apply molecular
biology tools in an attempt to establish a link between a defect in fibrillin
and Marfan syndrome. Amino acid sequence data would be required to isolate
cDNA clones of fibrillin. This would be a step towards genetic linkage
analysis using RFLPs to map the Marfan locus to the fibrillin gene.

The structural studies of fibrillin fragments were undertaken with the
aim of not only providing primary structural information, but also to answer
some questions about a higher level of structure, the macromolecular form found
in tissues. A relationship between fibrillin and the microfibrils had been
established by immunolocalization of antibodies along the microfibril. However
there was no information on the tissue form of fibrillin, its macromolecular

organization or physiological function.

SPECIFIC AIMS:
1) Isolation and characterization of native fragments from protease digest.
2) Sequence small peptides and look for regions suitable for probes.

3) Elucidate the structure of the microfibrils.

12



METHODS

PART I. PREPARATION AND CHARACTERIZATION OF PEPSIN FRAGMENTS

The microfibrillar network, recently shown to contain fibrillin (Sakai et al.,
1986) is notoriously insoluble. Ross and Bornstein (1969) extracted
microfibrillar components using chaotrophic agents and dithiothreitol, a
reducing agent. The fibrillin antibody that was available only recognized
antigen in a native unreduced conformation, so that the reductive GuHCl
extraction procedure could not be applied. Therefore a different approach was
pursued. To isolate fibrillin and/or portions of the molecule of interest, a
protocol based upon a collagen extraction procedure was developed. Human
amnion was digested with pepsin followed by differential salt fractionation of
solubilized materials, water dialysis and a number of chromatographic steps.
Initially one fragment was identified as being related to fibrillin based on
immunoreactivity with a previously characterized monoclonal antibody to intact
fibrillin (mAb201). Antibodies to two other fragments were produced, one a
polyclonal antiserum, and the other a monoclonal antibody, both of which
recognized intact fibrillin provided by Dr. Lynn Sakai. The new antibodies
demonstrated a microfibrillar pattern by immunolocalization, characteristic of

fibrillin containing microfibrils.

1. Isolation of pepsin fragments

Amniotic membrane was separated from normal human placenta and homogenized
thoroughly with a Polytron homogenizer in cold distilled water. The suspension
was centrifuged at 9600 g (4500 rpm Sorvall GSA) for 20 minutes, the pellet was

resuspended in cold 1 M NaCl, and stirred at 409C until completely dispersed and
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centrifuged once more. This vashing procedure was repeated twice more with 1 M
NaCl, once with water and the final pellet resuspended in 0.5 M acetic acid.
The stirred suspension was digested with pepsin (0.8 mg pepsin/100 g wet
weight) for 16 hours at 4°C. The solubilized material was collected following
centrifugation at 27,500 g (13,000 rpm Sorvall GSA rotor) for 20 minutes.
Sodium chloride (10% w/v) was added to the supernate and after stirring for 20
minutes, the precipitate formed was collected by centrifugation at 27,500 g for
30 minutes. The pellet was resuspended in 0.1 M Tris-HCl pH 8.1 and stirred at
40C for at least 72 hours to inactivate the pepsin. Proteins were separated
using fractional salt precipitations at 2.7 M and 4 M NaCl. The final 4 M NaCl
supernatant was dialyzed against cold water. A precipitate was formed and was
removed by centrifugation at 21,000 g. This fraction contained two of the
fragments, PF1B and PF3. The supernatant vhich contained the other two

fragments, PF1 and PF2, was lyophilized.

2. Chromatrographic purification of pepsin fragments

Two pepsin fragments from the water supernatant were separated using gel
filtration chromatography on two Bio-Sil TSK-250 columns (21.5 mm x 60 cm,
BioRad), connected in tandem, equilibrated with 40 mM Tris-HC1 pH 6.8
containing 100 mM NaSO, and 6 M urea, at a flow rate of 0.6 ml/min at room
temperature. Fractions from the dominant peaks were collected, further
purified and desalted on a C18 reverse-phase column (Vydac TP201, The
Separations Group) using an isopropanol gradient in 0.1% TFA at 50°C. The
resulting fractions corresponding to PFl and PF2, were collected and

lyophilized.
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The water precipitate was fractionated on two Bio-Sil TSK-400 columns
connected in tandem and equilibrated in the same buffer and flow as described
above. The chromatographic profile was very complex. Fractions were screened
by ELISA for immunoreactivity with mAb201 and only the third peak in the
chromatogram reacted. Later it was shown to have the same amino terminus as
PF1l, and was called PF1B. Peaks 1 and 2 were analyzed by rotary shadowing (see
below, rotary shadowing). Peak 1 was an aggregated form of peak 2, which
displayed a very unusual structure. A monoclonal antibody (mAb69) was produced
to material that was present in peak 2, and shown to crossreact with fibrillin
(see below). An antibody affinity column was prepared with mAb69 and used as a
preparative purification step: 29 mg of mAb69 were coupled to cyanogen bromide
(CNBr)-activated Sepharose in phosphate buffered saline, pH 7.4 (PBS). Peak 2
vas dialyzed against PBS, and applied to the column. Following an extensive
wash with 50 ml PBS containing 0.05% Tween20, the bound material was eluted
with 0.1 M glycine-HCl pH 2.5 and fractions collected into 3 M Tris to
immediately neutralize the eluant. Absorbance was monitored at 220 nm and
fractions containing protein were pooled and dialyzed against 0.2 M ammonium
bicarbonate. Affinity purified material from peak 2 was called PF3. Because
peak 3 (PF1B) reacted with mAb201, it was further purified on a C18 reverse-
phase column (PLRP-S 1512-3802, Polymer Laboratories LTD) in 0.25% TFA. The

eluting buffer was 70% acetonitrile containing 0.18% TFA.

PART II. IMMUNOCHEMICAL CHARACTERIZATION
1. Preparation of antibodies.
Three antibodies were used to identify PF1l, PF2, and PF3 as fibrillin. A

previously characterized monoclonal antibody (mAb201) to intact fibrillin
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(Sakai et al., 1986), was used initially to screen column fractions and
identified a fragment which was called PF1.

Pepsin fragment PF2, isolated and purified as described above, was used
to prepare a polyclonal antibody (pAb7075). The antiserum was raised in
rabbits following a primary injection of 0.5 mg immunogen in PBS and complete
Freund’s adjuvant, followed by two secondary injections, at two week intervals,
of 0.5 mg antigen in PBS and incomplete Freund’s adjuvant. The collected
antisera was affinity purified using PF2 coupled to CNBr-activated Sepharose 4B
in PBS. Bound antibodies were eluted with 0.1 M glycine buffer, pH 2.5.

A monoclonal antibody (mAb69) was prepared to a fraction containing the
PF3 fragment. Hybridomas were produced according to the method of Kohler and
Milstein (Kohler and Milstein 1976) with modifications (Sakai et al, 1982). A
BALB/C mouse was immunized by injecting 100 pg immunogen in PBS into the
intraperitoneal cavity. The antigen was homogenized with an equal volume of
Freund’s complete adjuvant to act as an immune system irritant. Following this
primary immunization, the mouse was reinjected or "boosted" with immunogen
only. For three consecutive days, two weeks after the second injection, the
mouse was injected with immunogen. On the fourth day the animal was sacrificed
and the spleen was removed. The spleen cells were released by mincing the
spleen aseptically in culture medium. The cell solution was centrifuged to
pellet the cells. In the meantime NS-1 myeloma cells (P3-NS1/1-AG4-1) were
prepared by washing in serum-free medium (Dulbecco’s modified Eagle’s medium)
three times: centrifugation, followed by removal of the medium, and
resuspension in a small amount of fresh medium. The NS-1 cells were mixed with
spleen lymphocytes at an approximate ratio of 1:5 and centrifuged at 210 g (100

rpms Sorvall H-1000B) for five minutes. The cells were fused vith polyethylene
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glycol (PEG) 1500: 2 mls 38% PEG was added to pelleted cells, and gradually the
solution was diluted to 16 mls total over 8 minutes, while the cell solution
and PEG was kept at 37°C. Agitation was kept to a minimum. The mixture was
centrifuged at 210 g (1000 rpms Sorvall H-1000B) for 10 minutes and the cell
pellet was resuspended in HAT medium (DMEM supplemented with 107 fetal calf
serum, 10-4 M hypoxanthine, 4 X 10-7 M aminopterin, and 1.6 X 10~ M
thymidine), for plating at a density of approximately 360 wells/mouse spleen.
HAT medium selects for a hydrid cell type, the fused product between the
lymphocytes and myeloma cells by effectively blocking endogeneously produced
purines and pyrimidines while supplying the salvage pathway components.
Myeloma cells lack enzymes required by this alternative system, and cannot
survive while hybridomas are able to thrive. Spleen cells do not thrive and
usually die within the first week in culture conditions.

The resulting hybridomas were screened for immunoreactivity with the
immunogen and by indirect immunofluorescence of skin sections. mADb69 wvas a
hybridoma clone that reacted with the immunogen and produced a fibrillin-type

staining pattern by immunofluorescence.

2. Immunoblotting

Pepsin fragments were separated by polyacrylamide gel electrophoresis and
electrotransferred to nitrocellulose for immunoblotting (Towbin et al., 1979).
Hybridoma medium was diluted 1:3 with PBS; affinity purified pAb7075 was
diluted 1:50. Reactivity of the new antibodies with the fibrillin molecule was
established by immunoblotting fibrillin-containing culture medium with all
antibodies. Fibrillin was isolated from fibroblast culture medium by

precipitating with ammonium sulfate at 30% saturation. The precipitate was
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resuspended in 50 mM Tris, 2 M urea pH 7.8, containing 2.6 mM
phenylmethylsulfonyl fluoride (PMSF) and 1.4 mM EDTA. Additionally the sample
was treated with diisopropyl fluorophosphate (DFP) to inhibit proteolytic
enzyme degradation of fibrillin. This was then dialyzed overnight at 40C in 50
mM Tris pH 7.8. Insoluble material was removed by centrifugation at 21,000 g
(14,000 rpm, Sorvall SS-34) for 30 minutes, and the supernatant applied to a
Waters DEAE HPLC column equilibrated in the above Tris buffer and the bound
material eluted with a 1 M NaCl gradient. The fractions containing fibrillin
were pooled and again treated with DFP, and dialyzed against Tris buffer
containing 1 M urea. The sample was applied to a gelatin sepharose column to
remove fibronectin. The unbound fraction was then applied to a Pharmacia MonoQ
ion exchange column in Tris buffer containing 2M urea, with a 0 to 1 M NaCl
gradient. The eluting fibrillin fraction was used as a control to characterize
the new antibodies in Western blot analysis. Normal non-immune rabbit serum

was used as a control for the antiserum raised against PF2.

3. Immunofluorescence

Various tissues were screened for presence of immunoreactive material with the
antibodies produced. The immunofluorescent patterns were compared to those
produced by a previously characterized fibrillin antibody. Tissues were deep
frozen in hexane at -80°C and sections cut to 9 um. After air-drying, the
sections were fixed with acetone for 10 minutes and allowed to air-dry again.
The tissue sections were incubated with primary antibodies (monoclonal culture
medium undiluted; affinity-purified antiserum diluted 1:250 in PBS) for 3 hours
following removal of excess antibody by washing with PBS. Antibody bound to

tissue was detected by fluorescein-labeled goat anti-mouse or anti-rabbit IgG,
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acting as a secondary antibody in 1:50 dilution with PBS. The sections were

examined in an Olympus inverted microscope with a fluorescent filter.

4. Immunoelectronmicroscopy

Antibodies were further characterized by enbloc immunolabeling of skin, using
gold conjugated secondary antibodies (Keene et al., 1988; Sakai et al., 1986).
Freshly obtained human neonatal foreskin was sliced into 1 X 0.5 mm tissue
pieces, including epithelium to allow orientation in the electron microscope.
Unfixed tissues were washed in PBS at 4°C for 2 hours and then incubated in
primary antibody (monoclonal culture medium undiluted; affinity-purified
antiserum diluted 1:5 in PBS) overnight at 4°C. TFollowing a 6 hour wash in PBS
at 4°C, samples were incubated in goat anti-mouse (GAM) or a